Trials on the use of progestins and PTB
The majority or randomized trials evaluated the prophylactic supplementation of progestins in asymptomatic women at high risk for PTB. Women are considered to be at high risk for several reasons, including past history of spontaneous PTB or miscarriages, multiple gestation, short cervical length (CL), cerclage in place and uterine anomalies. Earlier small trials using 17OHP-C showed mixed results; 4 trials reported benefit (LeVine, 1964; Papiernik, 1970; Johnson et al., 1975; Yemini et al., 1985) , whereas 2 trials (Hartikainen-Sorri et al., 1980; Hauth et al., 1983) reported no benefit in reducing the risk of PTB. A metaanalysis over two decade ago (Kierse, 1990) showed that progesterone was beneficial in reducing PTL: odds ratio 0.43 (95% CI, 0.20-0.89); PTB: odds ratio 0.50 (95% CI, 0.30-0.85) and LBW (<2500g): odds ratio 0.50 (95% CI, 0.27-0.80). This meta-analysis concluded that progesterone was the only product that had been proven to be of benefit if used prophylactically to reduce the incidence of PTB. Despite this robust evidence-based conclusion, the information remained dormant for more than two decade.
Progestins and history of prior PTB
In 2003, two trials rekindled the interest in progestins to prevent PTB. The MFM Network trial (Meis et al., 2003) was conducted by the National Institute for Child Health and Development (NICHD); it is a prospective double blind randomized placebo-controlled trial on 463-singleton gestation with history of spontaneous PTB. Women were treated with weekly intramuscular injections of 250 mg 17OHP-C or placebo from 16 to 20 weeks' gestation until 36 weeks' gestation or birth. The primary outcome of the study was birth before 37 weeks' gestation. Treatment with 17OHP-C reduced the incidence of delivery before 37 weeks (36.3% in the 17OHP-C group vs. 54.9% in the placebo group). In addition, there was a reduction in delivery less than 35 weeks' gestation (20.6% in the 17OHP-C group vs. 30.7% in the control group) and at less than 32 weeks' gestation (11.4% in the 17 OHP-C group vs. 19.6% in the control group). Also, there was a significant reduction in the incidence of LBW (RR 0.66; 95% CI, 0.51-0.87) and rates of IVH (RR 0.25; 95% CI, and need for supplemental oxygen (RR 0.62; CI, in infants of women treated with 17OHP-C. The trial of da Fonseca et al. (da Fonseca et al., 2003) was carried out in Sao Paolo, www.intechopen.com Brazil, comprising 142 women considered to be at high risk of PTB due to previous PTB, cervical cerclage and uterine anomalies. These women were randomized to treatment with either vaginal micronized progesterone suppositories 100 mg daily or placebo between 24 and 34 weeks' gestation. Treatment with vaginal progesterone suppositories reduced the rate of PTB before 37 weeks' gestation (13.8% in the progesterone group vs. 28.5% in the placebo group) and before 34 weeks' gestation (2.8% in the progesterone group vs. 18.6% in the placebo group). Both studies found a significant reduction in the incidence of PTB (OR 0.47; 95% CI, 0.31-0.69) (Meis et al., 2003); OR 0.4; 95% CI, 0.4-0.94 (da Fonseca et al., 2003) . Neither study found a reduction in the incidence of spontaneous PTL. Since the publication of these two double blind placebo controlled studies. The National Institute of Child Health and Development (NICHD), the American College of Obstetricians and Gynecologist (ACOG) and the March of Dimes endorsed the prophylactic use of 17OHP-C in women with history of preterm deliveries, although both studies had several limitations. For example: in the da Fonseca et al (da Fonseca et al., 2003) study, the women were not started on non-bioadhesive progesterone vaginal suppository until late gestation, the mean GA at enrollment was 25.2 weeks in the placebo group and 26.5 weeks in the progesterone vaginal suppositories group. In addition, women who delivered preterm following PPROM were excluded. If these women were included in the analysis, the difference in PTB is no longer statistically significant. In the MFM Network (Meis et al., 2003) study, the women enrolled had high rates of PTB, with 54.9 % of the women who received the placebo injections delivering before 37 weeks' gestation. There are some concerns regarding the vehicle, castor oil, used in IM 17OHP-C. The castor oil is thought to induce labor by stimulating the release of prostaglandins, which might negate the potential beneficial effect of IM 17-OHP-C (Brancazio et al., 1988 and O'Sullivan 2010 ) but this has not been substantiated. However, this high rate of PTD was most likely related to the history of previous preterm deliveries. The earlier in a pregnancy a PTB occurs, the greater the chance of PTD in a subsequent pregnancy. It should also be noted that the mean duration of gestation at the time of the qualifying delivery was 31 weeks' gestation, and a third of the women enrolled had more than one previous PTB. These women were very high risk, strongly motivated and compliant. Iams (Iams, 2010) feels the reasons are primarily based on the demographics of the patient population as well as the obstetric history and feels that the recurrence rate of 55% is about one would expect from patients enrolled in the placebo arm. On the other hand, 17OHP-C may not be effective in women with a lower risk of PTB, and most preterm deliveries occur in women with no previous PTB. Therefore, the result of this (Meis et al., 2003) study should be interpreted with caution and may not be generalizable to women with a lower risk of PTB. In addition, although 17-OHP-C significantly reduced the rate of PTB among the women who received it, the rate of PTB in this group remained very high at 36.3 %. Thus, the identification of other causes of PTB and other methods of preventing it remains a pressing need. Another noteworthy point is that although the study (Meis et al., 2003 ) demonstrated a statistically significant reduction in the primary endpoint of PTB prior to 37 weeks' gestation, the reduction in PTBs prior to 35 weeks and prior to 32 weeks' gestation which are better surrogates for significant neonatal morbidity and mortality, were not statistically persuasive. Meis and colleagues (Meis et al., 2003) indicated that based on their study results, it would be necessary to treat five to six women with a previous spontaneous PTD to prevent one birth at < 37 weeks' gestation, and to treat 12 women to prevent one birth at < 32 weeks' gestation. In addition, the primary clinical trial did not demonstrate a significant reduction in another secondary endpoint, a composite assessment of infant mortality and morbidity.
In a subsequent data analysis of the NICHD trial evaluating the benefit of 17OHP-C according to the GA of previous delivery, Spong et al (Spong et al., 2005) reported that progesterone did not significantly improve the GA at delivery in women whose earliest previous delivery was at 34 to 35.9 weeks' gestation. However, the recurrence of PTB was significantly less for women treated with 17OH P -C w i t h G A a t t h e e a r l i e s t p r e v i o u s spontaneous PTB 20 to 27.9 weeks (42% vs. 63%) and 28 to 33.9 weeks (34% vs. 56%). From their data, the authors concluded that for the women with earliest previous spontaneous PTB at 20 to 27.9 weeks and 28 to 33.9 weeks, 4.7 and 4.6 women (respectively for each group) would need to be treated with 17OHP-C to prevent one PTB. In 2007, a multinational double blind placebo controlled trial (O'brien et al., 2007) of 659 women with singleton pregnancies and history of spontaneous PTB demonstrated that daily treatment with 90 mg bioadhesive progesterone vaginal gel (8% Prochieve or Crinone) did not decrease the rate of PTB at < 35 weeks' gestation. This is in contrast to the previously mentioned trial by da Fonseca et al. (da Fonseca et al., 2003) . The treatment was initiated between 18 and 22 weeks' gestation and continued until 37 weeks' gestation. The dose of 90 mg progesterone as a bioadhesive gel used in this trial is the therapeutic equivalent of 600 mg progesterone as vaginal suppositories, much higher than the dose used in the Brazilian trial of da Fonseca et al (da Fonseca et al., 2003) . Five good quality meta-analysis and systematic review (Keirse, 1990; Sanchez-Ramos et al., 2005; Coomarasamy et al., 2006; Mackenzie et al., 2006; Dodd et al., 2008) of randomized controlled trials showed that women who received progestational agents had lower rates of LBW and PTB before 37, 35, 34 and 32 completed weeks' gestation. The dose of the 17OHP-C varied between 100 mg and 1000 mg daily for 3-7 days. The timing of initiation ranged between 8 and < 35 weeks' gestation. The timing at which it was discontinued ranged between 34 and 37 weeks' gestation or after eight doses of 17OHP-C or delivery. The progestational agents other than 17OHP-C were medroxyprogesterone, allyslestrenol and progesterone. However, there was no reduction in perinatal morbidity and mortality (Keirse, 1990 , Sanchez-Ramos et al., 2005 Mackenzie et al., 2006) .
Progestins and short cervix
Recently, ultrasound assessment of CL has emerged as another effective prognosticator for PTB. Fonseca et al. (Fonseca et al., 2007) published a randomized, double blind placebocontrolled trial of 250 women between 22 and 25 weeks' gestation with a short cervix (≤ 15 mm by transvaginal ultrasound). These women were randomized to receive 200 mg micronized progesterone vaginal capsules or placebo every night from 24 to 34 weeks' gestation. There was a significant 40% reduction in spontaneous PTB at < 34 weeks in the progesterone group (19%) compared with placebo group (34%) (RR 0.56; 95% CI, 0.36-0.86). The effect was limited to singleton pregnancies, as no significant effect was demonstrable in 24 twin pregnancies with a short cervix included in the study. The study was underpowered to show significant effect on perinatal morbidity and mortality. Similarly, in 2011, an international multi-center prospective randomized, placebo-controlled trial (Hassan et al., 2011) showed a reduction in PTD of 50% at < 28 (5.1% vs. 10.3%); of 45% at < 33 (8.9% vs. 13.1%), and of 38% at < 35 (14.5% vs. 23.3%) weeks' gestation with progesterone treatment (90 mg of progesterone in bioadhesive gel daily) in patients between 19 and 24 weeks' gestation whose CL was 10-20 mm. There was also a 53% reduction in very LBW infants (6.4% vs. 13.6%) as well as a significant reduction in the composite neonatal morbidities indices in the progesterone treated group. Hassan et al. excluded CL < 10 mm on the premise that these patients were less likely to respond to progesterone treatment. This may explain the 50% higher incidence of PTBs in the placebo group in Fonseca study (Fonseca et al., 2007) as the highest incidence of early PTD occurs with CLs of 0-10 mm. Vaisbuch et al. (Vaisbuch et al., 2010 ) had previously demonstrated a high incidence of proinflammatory cytokines in the amniotic fluid of such cases. A combination of antibiotics and increased vaginal dose of progesterone may result in prolongation of pregnancy in women with CL of < 10 mm. A sub-analysis of O'Brien study (DeFranco et al., 2007) , found that in women with a CL < 28 mm, the rate of PTB </= 32 weeks' gestation was significantly lower in the progesterone group, with a significant reduction in RDS in the treated group. This study highlights the problem of all the previous therapeutic intervention studies where randomization is based on a history of PTB, as this is likely to have a small impact on the overall rate of spontaneous PTB because fewer than 10% of spontaneous early PTB occur in women with a previous history. The problem with the DeFranco sub-analysis was that the results of only 46 patients were analyzed (19 in the progesterone group, 27 in the placebo group) and that randomization was based on obstetric history and not on CL. The selection of the 28 mm cut-off for inclusion in the analysis was generated post-hoc for the simple reason that there were only four women available in the study subgroup with a baseline CL of less than 25 mm. These trials suggest that determination of CL is a powerful method for PTB risk assessment. However, until further trials, routine screening of low risk pregnant women by transvaginal ultrasound of CL is still not recommended at least here in the U.S., because only 1.7% (413/24,620) -2.3% (733/32,091) (Fonseca et al., 2007; Hassan et al., 2011) of the patients screened have short cervix in the mid trimester. It is true that an extension of a routine mid trimester ultrasound examination to include a 5 minute transvaginal scan to measure CL would not involve a significant increase in expenditure in UK and European countries (Campbell, 2011) ; it may not be the case in the U.S. Routine cervical screening is not recommended by the ACOG Committee Opinion (ACOG #419, 2008). Using statistics from Fonseca et al (Fonseca et al., 2007) trial, the number of women need to be treated to prevent one early birth is only 6.6 (95% CI, 3.8-22.8). However because of the low prevalence of a short cervix (approx. 1.5%) among low-risk women, the number needed to scan is 650 (95% CI, 379-2248) (Chandiramani, 2007) . Nevertheless, many clinicians use vaginal or intramuscular progesterone in women with a true short cervix (CL <25mm) or women with a short cervix who have a cervical cerclage. A meta-analysis of five randomized control trials including 504 women with previous preterm birth and single gestation with a CL less than 25 mm at randomization before 24 weeks revealed a 30% reduction in recurrent PTB at less than 35 weeks' gestation (28% in the cerclage group and 41% in the non-cerclage group) and a significant and clinically important 36% decrease in perinatal mortality and morbidity. It would take approximately 20 cerclage procedures to prevent one perinatal death. Cerclage has not been shown to be beneficial in other populations including women with only previous PTBs, short CL, multiple gestations or other risk factors for PTB. The authors' explanation is that women with previous PTB with painless CL shortening to less than 25 mm in the subsequent pregnancy before 24 weeks' gestation do have a clinically significant component of cervical insufficiency, and that is why cerclage is beneficial. Base on this data, women with previous spontaneous PTB, between 16 and 34 weeks' gestation, and singleton gestation should be screened for short cervix starting at approximately 16 weeks' gestation and continue every 2 weeks until 23 6/7 weeks' gestation, unless the CL is 25-29 mm, in which case weekly screening is performed. Rafael et al. , in a retrospective cohort study of 58 women with CL of < 25 mm at < 23 6/7 weeks' gestation, found that there was no significant differences in the incidences of spontaneous PTB < 35, < 32, or < 28 weeks' among women with a ultrasound indicated cerclage, regardless of whether or not they received 17OHP-C (15 in the 17OHP-C group vs. 43 in the no 17OHP-C group) during the current pregnancy. Their findings are similar to the results of two other studies concerning 17OHP-C in women with a cerclage in place (Berghella et al., 2010 and Rebarber et al., 2008) .
Progestins and multiple gestations
Twin gestation carries one of the highest risks of PTD. An older study prior to the use of cervical ultrasound was performed in twins with 170HP-C (Hartikainen- Sorri et al., 1980) . In this study 77 women with twin gestation were treated only during the last trimester up until 37 weeks with injections of 17OHP-C or placebo. In this randomized clinical trial there were no differences in outcomes such as RDS or perinatal mortality. Likewise, there was no difference in progesterone level (nmoles/liter) between the two groups. In singleton pregnancies, the rate of spontaneous PTB before 34 weeks' gestation is about 1%, while in twins it is 13% . These investigators carried out a study of CL measurement at 22 -24 weeks' gestation in 1163 twin gestations. They found that the rate of PTB before 32 weeks' gestation was strongly associated with CL. Using cut-offs of < 25 mm, <20 mm and <15 mm, the respective detection rates of spontaneous PTB before 32 weeks' gestation were 35%, 49% and 67%. Another small randomized clinical trial (Briery et al., 2009 ) administered 250mg of 17α-Hydroxyprogesterone IM weekly versus placebo to women with twin gestations. The gestational age at delivery and the incidence of preterm birth at <35 weeks were similar between the two groups as was infant weight, Apgar score and composite neonatal morbidity. Rouse et al. (Rouse et al., 2003) presented the NICHD network data on the use of 17OHP-C in the prevention of PTB in 655 women with twin gestation; the results showed that treatment with 17OHP-C starting between 16 and 20 weeks and continued until 35 weeks' gestation did not reduce the rate of PTB in twins. Preterm delivery before 35 weeks' gestation occurred in 41.5% of the progestin group vs. 37.3% in the control group. Potential limitations of Rouse trial are: 1) less than 10% of enrolled women had a history of prior PTB; and, 2) they use the same 17OHP-C dose (250 mg) in women with twin gestation, when their plasma volume is known to be 20% greater than that in singleton gestation. A secondary analysis of the NICHD trial (Durnwald et al., 2010) reported that women with twin gestations and a cervical length below the 25th percentile (32 mm) at 16-20 weeks (52/221) had higher rates of PTB. In this subgroup of women, 17OHP-C did not prevent preterm births (56%) before 35 weeks' gestation. A CL above the 75 th percentile (44 mm) at 16-20 weeks (53/221) did not significantly reduce the risk of preterm birth (37%) in this high-risk population. The authors attributed this to combination of risk factors, such as multiple gestation and short cervix which may be additive and confer an increased risk for PTB that cannot be overcome by administration of 17OHP-C. Another possible explanation is that cervical shortening in multiple gestations is related to uterine over distension and that this distention is not progesterone sensitive. They concluded that long cervix (44 mm) at 16-20 weeks' gestation may not provide useful clinical information to the obstetrician regarding risk of preterm delivery in twin gestations. Furthermore, a long cervix is likely only reassuring if it is maintained beyond 24 weeks' gestation as demonstrated by Imseis et al. (Imseis et al., 1997) .
Norman et al. (Norman et al., 2009) , randomized 500 women with twin pregnancy to 90 mg vaginal progesterone or placebo daily from 24-34 weeks' gestation. Again, no effect was seen on the primary outcome of delivery or intrauterine death before 34 weeks' gestation (OR 1.36; 95% CI, 0.89-2.09). In both trials (Rouse et al and Normal et al), a non-significant increase in intrauterine death was seen in the treatment group. Similarly, Caritis et al. (Caritis et al., 2009) demonstrated no reduction in PTB in women with triplet pregnancies treated with 17OHP-C. Healthy women (n= 134) with triplets were randomly assigned to weekly intramuscular injections of either 250 mg of 17OHP-C or placebo, starting at 16 to 20 weeks' gestation and ending at delivery or 35 weeks' gestation. Eighty-three percent of women in the treatment group vs. 84% in the placebo group delivered before 35 weeks' gestation. Another double-blind, randomized (2:1) trial by Combs et al (Combs et al., 2010) on triplets showed no statistically significant difference with regard to primary outcome i.e. composite neonatal morbidity in 17OHP-C (n= 56) and placebo (n=25) groups (38% vs. 41%).
Timing and duration of the administration of progestin in women with risk factors
There are 2 published observational data regarding the use of 17 OHP-C in the prevention of recurrent PTB. Rebarber et al. , in a retrospective analysis of data from 481 women who were enrolled for outpatient weekly IM 17OHP-C administrations. They found that women with elective early cessation of weekly 17OHP-C at < 32 weeks' gestation were significantly more likely to have spontaneous recurrent PTD at < 37 weeks, < 35 weeks and < 32 weeks' gestation when compared to the women who received weekly 17OHP-C injections until PTD or 36.9 weeks. Discontinuation of 17OHP-C was defined as being elective when it occurred for any reason other than hospitalization for eminent delivery or an acute condition that led to delivery within 10 days. In this study, whether the elective discontinuation was patient or physician driven is not available from the database. A letter to the AJOG editor, Bernstein (Bernstein, 2008) provided an alternative explanation stating that the 17OHP-C is maybe of no benefit but that the sudden withdrawal of 17OHP-C may be involved in triggering spontaneous PTL. However, most clinicians continue treatment until 37 weeks, with the last injection at 36 weeks, and while the majority begin treatment at 16 weeks, it appears that later initiation of treatment up to 28-30 weeks' gestation may be helpful . How et al. (How et al., 2007) , performed a retrospectively analysis of database of women enrolled for outpatient 17OHP-C prophylaxis for prevention of spontaneous PTB. The data were divided into three groups according to the number of PTB (1, 2, > 2) and stratified to initiation of 17OHP-C at 16-20.9 weeks' and 21-26.9 weeks' gestation. The authors found that the rates of spontaneous PTB were significantly higher in those with > 2 PTB (n=159, 51% vs. 27% at < 37 weeks and 21% vs. 9% at < 35 weeks in the 17OHP-C start at 16-20.9 weeks' gestation group; 18% vs. 2% at < 32 weeks in the 17OHP-C start at 21-26.9 weeks' gestation group) as compared to those with one PTB (n=440). There were no significant differences in spontaneous PTB rates according to the time of initiation of 17OHP-C at 16-20.9 weeks' gestation vs. 21-26.9 weeks' gestation. The authors concluded that women with history of > 2 PTD have a high risk of recurrent spontaneous PTB at < 37 and < 35 weeks despite 17OHP-C prophylaxis. Later second trimester initiation of 17OHP-C prophylaxis is as effective as initiation in the early second trimester. However, these conclusions should be interpreted with caution because data such as baseline CL, the GA or circumstances of the prior PTB, maternal race, and complete neonatal outcomes were not available. Facchinetti et al. (Facchinetti et al., 2007) reported a randomized clinical trial in which symptomatic women with PTL and intact membranes at 25-34 weeks' gestation were allocated to either observation or intramuscular administration of 341 mg of 17OHP-C twice a week until 36 weeks' gestation or delivery. The rationale for using a higher dose in this trial was the onset of PTL requiring tocolysis. In these patients, cervical ripening and the cascade of PTL was already initiated. In this study, 60 women presenting in PTL, treated with atosiban and not delivering within 48 hours were randomly assigned to either treatment with 17OHP-C (n= 30, including 16 with CL </= 25 mm) or expectant management (n=30, including 17 with </= 25 mm). Treatment with 17OHP-C was associated with a reduction in the risk of PTD (OR 0.15; 95% CI, 0.04-0.58). Cervical shortening, as measured by ultrasound performed 7 and 21 days post randomization, was significantly less in the 17OHP-C treated group as compared with placebo. Another study on progesterone use in patients presenting in PTL was published in 2008 by Borna et al. (Borna & Sahabi et al. 2008) . Women between 24 and 34 weeks' gestation with intact membranes were randomized to receive 400 mg of progesterone vaginal suppository (n=37) vs. no treatment (n=33) within 48 hours of arrest of labor with intravenous magnesium sulfate. Progesterone group demonstrated a longer mean latency until delivery (36 +/-18 days vs. 24 +/-27) days. However, it failed to reduce the incidence of readmission for PTL. A Cochrane meta-analysis done in 2010 (Su et al., 2010) , suggests that progestational agents may be use in the treatment of threatened and preterm labor. However the number of participants in each included study ranged from 35 and 60. Further larger studies are needed.
Progestins and threatened or established PTL

Progestins and preterm premature rupture of membranes
Preterm premature rupture of membranes complicates nearly 3% of all pregnancies and is responsible for one third of all PTB (Mercer et al., 2003) . Overall 75% deliver within one week after rupture, but approximately 15% may extend gestation for several weeks (ACOG #1, 1998; Lieman et al., 2005) . Briery et al (Briery et al., 2011) randomized women with PPROM at 20-30 weeks' gestation with fetus in cephalic presentation to receive weekly 17OHP-C (n=33) or placebo (n=36) in an attempt to prolong the pregnancy. The report showed that there was no difference in GA at the time of delivery or the interval between randomization and delivery between the 2 groups. The neonatal outcome statistics of morbidity and mortality were similar between the two groups. The authors concluded that in patient with PPROM, 17OHP-C did not extend gestation vs. placebo and cannot be recommended for treatment in such women.
Safety and tolerability
Synthetic progestins, including 17OHP-C have been associated with a less desirable sideeffect profile than that of natural progesterone, including mood swings, headaches, bloating, abdominal pain, perineal pain, constipation, diarrhea, nausea, vomiting, joint pain, depression, decreased sex drive, difficult or painful intercourse, nervousness, sleepiness, breast enlargement, breast pain, nucturia, dysuria, polyuria, urinary tract infection, allergy, tiredness, dizziness, genital itching, yeast infection, vaginal discharge, fever, flu-like symptoms, back pain, leg pain, sleep disorder, inflammation of a sinus, upper respiratory infection, asthma, acne and pruritus. Although these side effects have been reported with any form of progesterone (for example contraceptive), they rarely are severe and do not usually necessate discontinuing the drug at this dose when given to prevent preterm birth. A case in point, would be the MFM Network trial ( Meis et al., 2003) , the most common undesirable side effect was injection site pain (35%), injection site swelling (17%), urticaria (12%), pruritus (8%), injection site pruritus (6%), nausea (6%), contusion (6%), injection site nodule (4%), and vomiting (3%) (FDA, 2006) . Meis (Meis et al., 2003) and Heinonen (Heinonen et al., 1977) reported a small, statistically non-significant increased in miscarriage and stillbirths in women receiving progesterone. Data from animal studies, suggest that increased plasma levels of progesterone may influence fetal behavior and induce fetal arousal states (Crossley et al., 1997; Nicol et al., 1997) . There were no human data regarding long term outcome of women and infants who were exposed to progesterone in-utero until the published NICHD trial (Northen et al., 2007) reported a comprehensive 4 year follow up of children exposed to 17OHP-C in-utero. The children were 30-64 months of age at the time of the follow-up assessments. Of the 348 eligible surviving children, 278 (80%) were available for evaluation 84 placebo) . No significant differences were seen in health status and conditions, or physical exam, including genital anomalies between 17OHP-C and placebo children. The developmental screen including communication, gross motor, fine motor, problem solving, and personal-social issues was not significantly different between 17OHP-C and placebo group. Therefore, it appears that at least with 17OHP-C there are no long term adverse effects in the offspring when used at 250mg per week. Retrospective data indicate that 17OHP-C exposure may be associated with an increased risk of gestational diabetes Waters et al., 2009) . Hepatic dysfunctions, including cholestasis of pregnancy, have also been reported at a higher rate in women treated with oral micronized progesterone in France (Benifla et al., 1997; Bacq et al., 1997) . Weekly IM injections of 17 OHP-C may be undesirable to a portion of the population at risk for PTB. Progesterone administered intramuscularly has been associated with several systemic and local skin complications. Some women may find transvaginal delivery to be more acceptable than injection, but others may not agree. Suppositories can be difficult to place high in the vagina and may liquefy, potentially leads to vaginal discharge, irritation, and infection. Vaginal cream and gel, which do not liquefy and are easier to apply, may alleviate some of the problems associated with transvaginal suppositories. Comparative data on the various methods of administration are thus needed to determine pharmacokinetic or tolerability differences, however, before one method can be recommended over the others.
Cost
Treatment with 17OHP-C or progesterone provides a significant reduction in the risk of recurrent PTB. In addition, there is a reduction in direct and indirect costs associated with PTD. For women with a prior PTD treated with 17OHP-C, the projected discounted lifetime medical costs of their offspring could be reduced by more than 2 billion dollars annually (Bailit &Votruba, 2007) . Three U.S. cost-effective analysis studies using decision analysis have been published (Odibo et al., 2006; Cahill et al., 2010; Werner et al., 2011) . Odibo et al. (Odibo et al., 2006) compared the cost-effectiveness of using 17OHP-C for the prevention of PTD in cost-savings in women with prior PTD results in cost-savings in women with prior PTD less than 32 weeks and 32 to 37 weeks' gestation. (Cahill et al., 2010) compared the cost effectiveness of universal cervical screening/vaginal progesterone vs. no screening/no treatment on an estimated annual delivery rate of 4 million. The calculated annual cost, based on spontaneous PTBs < 34 weeks' gestation and severe morbidity prevented, fell from $46.2 billion to $33.3 billion annually, an annual saving of $12.9 billion, which was greater than calculated savings from 17OHP-C treatment on the basis of maternal history ($7.9 billion) or cervical-length screening in high risk pregnancies ($3.9 billion). Using a mean estimate of $70 for the second trimester CL scan and $206 for vaginal progesterone treatment, Werner et al. (Werner, 2011) analyze their model using data of Fonseca et al. (Fonseca et al., 2007) , the cost saving was $12.1 million for every 100,000 women in the universal screened/vaginal progesterone group. Whereas, using data of Hassan et al (Hassan et al., 2011) , the cost saving was $19.6 million per every 100,000 women. In 2006, a New Drug Approval application was submitted to the FDA for 17 OHP-C, and the rights to produce the drug eventually were bought by KV Pharmaceutical. FDA recommended that the pharmaceutical company perform a confirmatory randomized controlled trial with a larger sample size than the Meis study. Once that confirmatory study was underway and 10% of the total sample size had been recruited from U.S. sites, the FDA approved Makena under the agency's accelerated approval regulations in February 2011. On February 15, 2011, KV Pharmaceutical announced the price of Makena at $1500 per injections, 75-150 times more than what formerly was being charged for the same medication that previously was available through locally regulated compounding pharmacies. The cost of the 17OHP-C was $10 to $20 per injection or $200 or $300 per pregnancy and about $150 per week when home care agencies were used to provide the necessary services. On April 1, 2011, the ACOG and SMFM state that there is no evidence that Makena is more effective or safer than the currently used compounded version. On the same day, KV pharmaceutical reduced the price of Makena from $1500 to $690 per injection or $14,000 to $16,000 per pregnancy. ACOG, SMFM, March of Dimes, American Academy of Family physicians all have responded that this reduction in price is insufficient (Cohen et al., 2011) . On May 11, 2011 the pharmacy compounding accreditation board sent a letter to SMFM stating that "unlike most other new FDA approved drugs, the makers of Makena do not have a patent on this preparation. The commercial preparation Makena was approved under the FDA's orphan drug program using an older medication with a formula in the public domain and supported by research conducted by the National Institute of Health. Under the orphan drug program, manufacturers are granted seven years of market exclusivity meaning that they and only they have the ability to promote market and advertise that product for the particular use. While a compounding pharmacy cannot market and promote a commercial competitor to Makena, it can legally compound 17OHP-C on the basis of a prescriber's valid prescription". For comparison, the cost of progesterone USP suppositories is $1-2 per suppository or $ 5-10 per week or $200 per pregnancy, whereas the cost of crinone gel 8% is $15 per week or $100 per week or $2500 per pregnancy (Silver & Cunningham, 2011) .
Future of progestins and PTB
Data has shown that there is a place for progesterone in the prevention of PTB. However, the optimal dosage, route and timely delivery of the drug remain controversial. It is encouraging that there are multiple ongoing trials that should further clarify the role of progesterone in PTB prevention (www.clincialtrials.gov/ct/show and; www.charttrials.abdn.ac.uk/). To et al , from the fetal Medicine Foundation (FMF), developed a model combining maternal risk factors with CL and found that the inclusion of maternal age and previous history of PTB improved the prediction. The detection rate of screening for PTD before 32 weeks at a fixed false-positive rate of 10% was 38% for maternal factors, 55% for CL and 69% for combined testing. This concept is important when considering which patients to include in spontaneous PTB prevention programs.
Conclusions
In summary, the exact mechanism of progestins on reducing preterm birth is speculative at this point. The absence of effect in multiple gestation together with a positive results in women with historical risk, short cervix and the recent cerclage data, suggests that progesterone's effect on preterm birth rates may be related to reducing inflammation rather than acting as a tocolytic agent (Elovitz & Gonzalez et al., 2008) . More information is needed not only regarding the mechanism of action, but also in regard to maternal outcomes following antenatal therapy, preference by patient in terms of mode of delivery, satisfaction of care, optimal dose, optimal route of administration and optimal gestational age at which to begin therapy ( ACOG #419, 2008) . Although no specific regimen is cited as superior or preferable (ACOG #419, 2008) , evidence at this time supports prophylactic administration of progesterone be offered to women with a singleton pregnancy and a previous spontaneous PTB and to pregnant women with a short cervix of </= 25 mm at mid-gestation scan for prevention of PTB (250 mg of weekly IM 17OHP-C or progesterone 100 mg daily vaginally). Current evidence does not support the routine use of progesterone in women with multiple gestations and PPROM nor as a treatment for threatened or established PTL.
